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Figs. 1 to 3, the reference numeral 10 denotes a 
flat substrate made of glass or a semiconductor etc. , which 
is transparent to light with an operating wavelength. A 
waveguide 20 having a larger refractive index than other 
portions is provided in the substrate 10. The waveguide 
20 forms a Y-shaped branch circuit. Each branch path is 
comprised of an input /output path 21 which faces the side 
end of the substrate 20 at its end, a tapered path 22 which 
continues along with the input/output path with its cross 
section being gradually enlarged, and an enlarged path 23 
which continues along with the tapered path 22 . The branch 
path is branched in the enlarged path 23. The waveguide 
20 has substantially circxilar cross section at each of the 
input/output paths 21A, 21B, and 21C. Their diameters are 
substantially the same (e.g. 50fxm) as core diameters of 
optical fibers connected to the input/output path 
terminals. In addition, each of the input/output path 21, 
the tapered path, and the enlarged path 23 has a refractive 
index gradient such that a refractive index in the cross 
section is highest at the center, and gradually decreases 
toward the periphery until it equals to that of the 
substrate . 

At the branch portion of the branch circuit , a band 
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pass filter 12 is inserted and fixed into a groove formed 
in the substrate such that the filter traverses the 
enlarged path 23 and its plane-normal line bisects an angle 
between both axes of branch paths 23A, 23B. In the branch 
circuit, light with mixed wavelengths transmitted in 
optical fiber 11B propagates through the tapered path 22B 
and the enlarged path 23B, then incidents into the filter 
12. Certain wavelength of light passes the filter 12 and 
propagates each waveguide of the enlarged path 23C, the 
tapered path 22C and the output path 21C, then incidents 
into optical fiber 11C. Also, the rest of light reflected 
by the filter 12 passes through the enlarged path 23A, the 
tapered path 22A and the output path 21A, and incidents 
into optical fiber 11A. In the course from the input path 
21B to the enlarged path 23B as shown in Fig. 4, beams 13 
initially traveling in the input path 2 IB have various 
cycle lengths, and forms various reflection angles with 
respect to the interface. 

In this regard, beams traveling in the waveguide 
having the refractive index gradient do not show total 
reflection at the interface surface, but rather are 
deflected toward the center axis at the vicinity of the 
interface surface, traveling in repeatedly meandering ways 
like sine curves. However, for purposes of illustration. 
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beams are represented by straight lines in the figures. 

Each beam propagating through the input path 2 IB as 
set forth above enters the tapered path 22B. An angle 
between each beam and an optical axis of the waveguide 
gradually decreases as the beam travels in the tapered path 
22B since the interface of the tapered path inclines so 
as to draw apart gradually from the optical axis of the 
waveguide towards the traveling direction. Then at the 
time of incident into the enlarged path 23B, the beams are 
aligned in substantially parallel with respect to the 
optical axis of the waveguide. Since component beams of 
propagating light incident into the filter 12 being aligned 
in substantially parallel as described above, the spectral 
response of the filter 12 can be precisely rendered to the 
entire propagating light, thereby allowing the branch 
circuit as a whole to realize a high-precision wavelength 
demultiplexing capability. As set forth above, while a 
conventional optical demultiplexing circuit has a 
propagation beam angle of about 8 degrees at the maximum 
for NA=0 . 2 , the present invention can reduce it to a smaller 
angle of 2 to 3 degrees at the maximum. However, if a ratio 
of the smaller diameter W 3 to the larger diameter W 4 of the 
tapered path 22 and a taper angle 6 are made too large, 
an effect of an inclined interface for leveling out the 
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angles of propagating beams is reduced. Thus, it is 
desirable to have the value of W4/W3 in the range from 1.5 
to 8, and to have the taper angle 9 in the range from 0.5 
to 4 degrees, more preferably, in the range of 1 to 2 
degrees . 



Fig. 1 
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